There are three controversial and undetermined models of neurogenesis and gliogenesis from neuroepithelial cells in the early neural tube; the first in which neurons and glia were proposed to originate from a single homogenous population, the second from two separate pools of committed glial and neuronal progenitors, or, lastly, from transit radial glial (RG). Issues concerning embryonic neural lineage development in primates are not well understood due to restrictions imposed by ethics and material sources. In this study, early neural lineage development was investigated in vitro with rhesus monkey embryonic stem cells (rESC) by means of immunofluorescence with lineage specific markers. It was revealed that neural differentiation likely progresses in a sequential lineage restriction pathway from neuroepithelial stem/progenitor cells to neurons and glia via RG and intermediate precursors: neuronal precursors and glial progenitors. In conclusion, our results suggest that the early neural lineage development of rESC in vitro supported the model in which neuroepithelial cells develop into RG capable of generating both neurons and glia. This work should facilitate understanding of the mechanism of development of the nervous system in primates.
Introduction
During neurulation, part of the ectodermal cells is specified to form the neuroepithelium of the neural tube from which neurons and glia are derived, making up the nervous system [1] . Although it is generally believed that neurogenesis arises earlier than gliogenesis [2] , most issues concerning neural stem cell (NSC) lineage development are still argumentative and undetermined. Historically, neuroepithelial cells (NE) in the early neural tube were believed to produce two separate pools of committed glial and neuronal progenitors to generate glial cells and neurons, respectively [3, 4] . Later, the other alternative hypothesis of a single homogeneous proliferative cell population that generates both neurons and glia was proposed [5, 6] and supported [7] [8] [9] [10] [11] [12] . Recent data further imply that NE cells either produce or transform into radial glia (RG) cells, which then develop into neurons and glia [13] [14] [15] . However, this knowledge is fragmentary and less understood in primates, including humans [16] , due to restrictions imposed by ethics and material sources, unlike in rodents.
Embryonic stem cells (ESC) are believed to be a good model to study cell differentiation and hold great prospects for regenerative medicine because of their pluripotency, i.e. the ability to differentiate in vitro into all derivatives of the three embryonic germ layers constituting the body [17] [18] [19] . Many neural cell types have been derived from ESC, including neural stem/progenitor cells [20] , RG [21] [22] [23] [24] , neuronal restricted precursors and glial restricted precursors (GRP) [25] , neuronal subtypes and oligodendrocytes [26] [27] [28] [29] .
The neural progenitors from ESC even display properties of distinct regionalization responsible for neural patterning [30] [31] [32] . The in vitro induction of neural differentiation in ESC also closely mimics molecular mechanisms of embryonic brain development [33] . All these findings make it possible to use rESC as a model for investigating cell lineage relations to better understand primate, including human, embryonic neurogenesis and gliogenesis because the rhesus monkey has the advantage over rodents of being closely related to humans in terms of genetics and physiology [34] .
In this work, neural lineage development in the rhesus monkey was systematically elucidated in vitro with rESC for the first time.
The results revealed that NEP predominantly switched into RG and differentiated into neurons and glia via intermediate neuronal precursors (NP) and glial progenitors (GP), respectively.
Materials and methods

ESC culture and neuroectoderm differentiation
The procedures for the preparation of a culture of rESC were described previously [18] . Briefly, the rhesus monkey ESC line R366.4 (a generous gift from Professor J.A. Thomson After treatment with 0.4% triton-X 100 for 10 min (for cytoplasmic proteins only), the cells were blocked with 5-10% goat serum for half an hour at room temperature (20°C).
Primary antibodies (Table 1) 
Results
Direct differentiation of rESC into neuroectoderm cells
The undifferentiated rESC ( Figure 1A ) were efficiently directed towards differentiating into neuroectoderm cells by means of forming EB ( Figure 1B ) as described previously [35] .
Cellular characteristics of morphology and specific marker expression implied that they which is similar to human ESC [39] . In contrast to rodents, human "pioneer neurons" already appear before the neural tube completely closes [40] . However, whether these earliest 
